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INTRODUCTION : 

The torque-tension testing program recorded in this report is the result of 
a requirement by NASA to obtain data for specific joint design, utilizing 
various combinations of bolt, nut and lubricants in typical structure of 
the shuttle booster rocket. Data for the specific joint conditions were not 
available and could not be extrapolated from existing data. 

Further requirements of the structure performance criteria were to withstand 
temperatures of 260®C (500®F) and to provide a nut lubricant which would be 
compatible with sealants used in the joint. Cadmium plating and dry film 
lubricant meeting the requirements of MIL-L-8937 were the lubricants 
specified by NASA. In a follow-up effort, cadmium plating and cetyl alcohol 
were further specified and tested. 

The materials for the bolt and nut combinations were MP35N and A-286. These 
materials demand a lubricant to be used to prevent galling of the thread 
when tightened and also to help reduce the scatter of clamping load in 
application. 
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PURPOSE : 

To determine the torque-tension relationship of: 

1. EWB 0420 A286 bolts, 61170 cadmium plated nu s, 61170 cadmium plated 
nuts plus cetyl alcohol, and 61170 nuts with 620c dry film lubricant. 

2. MDl^i-4020 MP35N bolts, EWNM26 cadmium plated nuts, and EWNM 26 nuts 
with 620c dry film lubricant. 


RESULTS : 

1. A286 bolts, and 61170 nuts. 

1.1 The torque vs. induced load curves for each size bolt and nut with 
lubricant tested are presented in Figures 4 ‘"brough 18. 

1.2 The recommended torque to Induce 90,000 psi joint clamping stress 
in the bolt threads was tabulated from each of the curves in 1.1. 

(Table VI) 

2. MP35N Bolts, and EWNM 26 nuts 

2.1 The torque vs. Induced load curves for each size bolt, and nut with 
lubricant tested are presented in Figures 19 through 28. 

2.2 The recommended torque to Induce 90,000 PSI Joint clamping stress in 

the bolt threads was tabulated from each of the curves in 2.1. (Table VII) 


RECOMMENDATIONS : 

Aircraft manufacturers have long recognized the variables associated with 
torque-tension relationship. Several of these companies are increasing their 
joint reliability by requiring fastener manufacturers to provide the torque 
to Induce their specified bolt preload for each lot of nuts and bolts they 
purchase. 

Because this is a good engineering approach to better joint reliability, the 
following recommendation is made: 

For each new lot of A286, and MP35N bolts, and nuts purchased, the manufacturer 
should be required to provide ten (10) torque vs. Induced load curves. These 
tests should be generated using the bolts, nuts, washers, and Joint material 
as described in this report. 
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PROCEDURES ; 


1. Test Components 


The following bolts, nuts, washers, and aldmlnum joint material were 
used to accomplish the objectives of this program. 


1.1 High strength aircraft 

EWB-0420 A286 

EWB-0420-4-34 

EWB-0420-5-38 

EWB-0420-6-40 

EWB-0420-6-22 

EWB-0420-8-44 

EWB-0420-8-46 

EWB-0420-10-26 

EWB-0420-10-50 


bolts 

MDi n-d020 MP35N 

MDlll-4020-0417 

MDlll-4020-0547 

MDlll-4020-0634 

MDlll-4020-0822 

MDlll-4020-1025 


1.2 High strength aircraft nuts 


1.2.1 Cadmium plate per QQ-P-416 Type II, Class 3 


A286 


MP35N 


61170C-428 

61170C-524 

61170C-624 

61170C-820 

61170C-1018 


EWNM26-428 
EWNM26-524 
EWNM26-624 
EWNM2 6-820 
EWNM26-1018 


1.2.2 Cadmium plate per QQ-P-416 Type II, Class 3, plus 
Cetyl alcohol (5 oz./gal.) 

A286 

61170C-428 

61170C-524 

61170C-624 

61170C-820 

61170C-1018 


1.2.3 620C dry film lubricant per MIL-L-8937 


A286 


MP35N 


61170M-428 

61170M-524 

61170M-624 

61170M-820 

61170M-1018 


EWNM2 6-428 
EWNM2 6-524 
EWNM2 6-624 
EWNM26-820 
EWNM2 6-1018 
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PROCEDURES ; (Continued) 

1. Test Components (Continued) 

1.3 Plain, and Countersunk Washers 


1,3.1 NAS 1587 stainless steel washers (Fig. 1) 


Plain Washers 

NAS 1587-4 
NAS 1587-5 
NAS 1587-6 
NAS 1587-8 

1.3.2 A286 washers 


Countersunk Washers 

NAS 1587-4C 
NAS 1587-5C 
NAS 1587-6C 
NAS 1587-8C 


5/8 inch plain, and countersunk washers were made to accommodate 
the larger head and nut diameters of the 5/8 inch bolts, since 
the diameter of the NAS 1587 washer was not compatible with the 
nuts tested. The A286 material was in the solution treated 
condition, and the NAS 1587 "A" diameter was changed to 1 1/4 
inches, and the "D" thickness to 3/32 inches. (Figure 1) 


1.4 7075-T6 Aluminum Joint Material 


1.4.1 i/8 inch thick 7075-T6 aluminum was cut into 1 inch, and 

11/4 inch wide by 10 inch long strips. 1/4, 5/16, and 3/8 
inch holes were drilled on 1 inch centers in the 1 inch wide 
strips, and 1/2, and 5/8 inch holes were drilled on 1 1/4 inch 
centers in the 1 1/4 inch wide strips. 


Test 

Program 





2.1 

Schedule of 
material: 

tests for 

each size bolt, nut. 

washer, and 

aluminum joint 





Number of Tests 





Torque- 

Bolt 


Bolt 

Nut 

Nut Lubricant 

Tension 

Tensile 


A286 

61170C 

Cadmium Plate 

5 

3 


A286 

61170M 

620c dry film 

5 



A286 

61170C 

Cadmium Plate, 

& cetyl alcohol 

5 

1* 


* Where an additional lot of A286 bolts was procured to 
determine the effects of cetyl alcohol on torque- tens ion 
properties, one bolt was tensile tested to verify ultimate 
tensile strength. 

MP35N EWNM 26 Cadmium Plate 5 3 

MP35N EWNM 26 620c dry film 5 
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PROCEDURES ; (Continued) 

3. Calibration 

3.1 The torque, and pounda force load cells used in this test program 
were calibrated In accordance with SPS Calibration Procedures 
report CP-21 Just prior to testing. 

3.2 Tensile machines are verified monthly according to SPS Calibration 
Procedures CP-1 

4. Test Procedures 

4.1 Ultimate Tensile Strength 

4.1.1 The bolts outlined In 1.1, and the ccmpanlon nuts outlined 

In 1.2.1 were tested In the 60,000, and 120,000 pouads Tlnlus 
Olsen tensile machines. Load versus elongation curves were 
plotted on an X-Y recorder, and Che proportional limit yield 
strength was approximated at the maximum load within the 
elastic limit. 

4.2 Joint Bearing Stress 

4.2.1 Joint Material 

4. 2. 1.1 The minimum load to cause the NAS 1587 washers to 
begin brinelllng Into the 7075-T6 alximlutim Joint 
material was determined by loading the Joint In 
1000 pound Increments, and examining Che aluminum 
surface after each loading until the minimum load 
where the washers brinelled Into the aluminum was 
determined. (Table III) 

4.2.2 NAS 1587 Washers 

4. 2. 2.1 The minimum load to cause the bolt head of the A286, 
and MP35N bolts to begin brinelllng Into the NAS 
15°7 countersunk washers was determined by loading 
each bolt head against a washer in 1000 pound 
Increments, and examining the washer after each 
loading until the minimum load to brlnell Che washer 
was determined. 

4. 2. 2. 2 The minimum pounds to cause the 61170, and EWNM 26 
nuts to brlnell in the MAS 1587 plain washers was 
determined by loading each nut against a washer In 
1000 pound Increments, and examining the washer after 
each loading until the minimum load to brlnell the 
washer was determlnsd. (Tables IV, and V) 
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PROCEDURES ; (Continued) 

4. Test Procedures (Continued) 

4 3 Torque Versus Induced Load 

4.3.1 G.M. Torque-Tension Machine (Figures 2, and 3) 

The 1/4 through 1/2 inch sizes were tested in the G.M. 
Torque-Tension machine which has a 4,000 inch pounds maximum 
torque and a 60,000 pounds maximum tension capability. The 
rate of loading was controlled at 2 RPM. 

4.3.2 SPS Torque-Tension Machine 

The 5/8 inch A286 bolts were tested in the SPS Torque-Tension 
machine which has a 10,000 inch pounds torque, and a 40,000 
pounds maximum tension capability. The rate of loading 
was controlled at 2 RDM. 

4.3.3 Tlnlus Olsen Torque Machine 

The 5/8 MP35N bolts were tested in a 60,000 inch pound Tlnlus 
Olsen torque machine, using a 60,000 pound tension load cell. 

The rate of loading was 1/2 RPM, the maximum available speed. 

4.4 Torque-Tension set up 

4.4.1 Each bolt was assembled in the tension load cell with a 

NaS 1587 countersunk washer under head, and with the 7075-T6 
aluminum joint material, and a NAS 1587 plain washer under the 
companion nut. (Figure 3). 

The head was retained from turning, and torque was applied, 
turning the nut against the plain washer. By this arrangement 
the test bolt, nut, washers, and the aluminum Joint material 
were tested as a u'lt. 

4.4.2 Torque vs. Induced Load Curves 

4. 4. 2.1 The torque-tension curves for each of the five bolts 
tested were recorded by the torque- tens ion machine's 
X-Y recorder. Then, date points from the five curves 
were replotted on a single chert. The recoBatrnded 
seating torque selected wee that point %rhere the 
mean of the induced loeds was 90,000 pel tensile etreee 
in the bolt threads. 

Other deta points can be selected from the torque- 
tension curves by the same method. 
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DISCUSSION OF RESULTS : 

When high strength fasteners such as 200 KSI A286, and 260 KST MP35N nut, 
and bolt combinations are used to preload a joint consisting of low strength 
NAS 1587 washers, and 7075-T6 aluminum joint material it is essential to 
include them in the torque-tension test joint. 

The torque-tension joint study conducted revealed that the 7075-T6 aluminum 
joint material, and the NAS 1387 washers maximum allowable bearing stress 
was approximately 40,000 psi, occurring at about 100,000 psi bolt preload 
for both the A286 and MP35N nuts, and bolts (Tables III, IV, and V), thereby 
limiting the joint clamping load to 90,000 psi. Increased washer strength, 
and area should be considered when greater bolt preload is required. 
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A4937R 

Fijture 3 . Photograph of the nut, plain washer, and aluminum joint 
material in a slotted bushing designed to hold the 
aluminum atrip from tum-ing. Torque was applied from the 
nut end. 
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Torque vs. Induced Load 
of 

200 KSl l/A-28 A286 Belts (0420-4-34) 
tested with 

NAS 1507-4, and -4C Washers, 7075-T6 A1 
Joint Material, and 61170 nuts 
Nut Lubricant - 620C dry film 
Torque was applied to the nut at 2 RFM 



(f’ h P^nd.) J5 50 75 100 150 175 200 225 250 

jwcon-Mtr*. 2.8 5.7 8.5 11.3 14 17 19.8 22.6 25.4 ii.3 


Figure 6. 
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of 
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Tested with 
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Nut Lubricant - 620C dry film 
Torque was applied to the nut at 2 RPM 
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TABLE I 


Ultimate Tensile Strength 
of 

EWB-0420 A286 Bolts 
and Companion Nuts 




Tensile 

Strength 

Proportional Limit 


Part 

NAS1348 Area 

pounds 

^sl 

pounds 

P'5' 


EWB-0420-4-34 

.0388 

8200 

211000 

6800 

175000 




8150 

210000 

6800 

175000 




8320 

214000 

6900 

178000 

, G ^ 




“Hl.l 


\^i \c 

EWB-0420-5-38 

.0614 

13000 

2120C0 

9500 

155000 




13200 

215000 

lOOOC 

163000 




13000 

212000 

9500 

155000 

4 

EWB-0420-6-22 

.0950 

19200 

202000 

1450C 

153000 




*9250 

203000 

14375 

151000 




19150 

202000 

14250 

150000 


EWB-0420-6-40 


19700 

20700^ 

14500 

153000 





voy ^ 



1 

EWB-0420-8-44 

.’717 

36500 

213000 

23000 

163000 




3/000 

215000 

28000 

163000 




36700 

214000 

26000 

151000 


EWB-0420-8-46 


39000 

227000 

2900C 

169000 





<.\1V 



1 

EWB-0420-10-26 

.2724 

56500 

207000 

40000 

147000 




56300 

207000 

40000 

147000 




56500 

207000 

40000 

147000 

.K-f 

EWB-0420-10-50 


58000 

213000 

420C0 

I';4000 




\ 
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TABLE II 


Ultimate Tensile Strength 
of 

MD111-4020-MP35N Bolts 
and Companion Nuts 




Tensile 

Strength 

Proportional Limit 

Part 

NAS1348 Area 

pounds 

psl 

pounds 

psl 

MDlll-4020-0417 

.0388 

10180 

262000 

8800 

227000 



10200 

263000 

8700 

224000 



10240 

264000 

8900 

229000 

MUlll-4020-0547 

.0614 

16250 

265000 

14250 

232000 



16600 

270000 

13500 

220000 



16800 

274000 

14000 

228000 

MDlll-4020-063^ 

.095 

24750 

261000 

19750 

208000 



24875 

262000 

20250 

213000 



25300 

260000 

20500 

216000 

MDlll-4020-0822 

.1717 

46500 

271000 

37500 

218000 



47000 

274000 

35500 

207000 



47500 

277000 

37500 

218000 

MDlll-4020-1025 

.2724 

72000 

264000 

62000 

228000 



72000 

264000 

62000 

228000 



72500 

266000 

62000 

228000 
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T ABLE TII 

Maximuia Allowable Bearing Stress 
of 

7075-16 Aluralnum Joint Material 
Tested by Loading NAS 1587 Washers Against the Aluminum 


Bolt Tensile 


Size 

Washer Bearing Area, 
square inches 

Brlnell Load, 
pounds 

Joint Bearing 
Stress 

Stress "t 
Brlnell Lead 

1/4 

.168 

6000 

36,000 psl 

155,000 psl 

5/16 

.194 

7000 

36,000 psl 

114,000 psl 

3/8 

.252 

10500 

42,000 psl 

110,000 psl 

1/2 

.318 

17000 

Avg. 

53,000 psl 
41,750 psl 

99,000 psl 


TABLE IV 

Maximum Allowable Bearing Stress 
of 

NAS 1587 Waihers and A286 Nuts and Bolts 
Tested by Loading A286 Bolts and Nuts Against the NAS1587 Washers 

Bolt Tensile 

Nut and Head Bearing Brlnell Load, Washer Bearing Stress at 


Size 

Area - Square inches 

pounds 

Stress-psl 

Brlnell Load 

1/4 

.097 

4000 

41000 

1030G0 psl 

5/16 

.139 

6000 

43000 

98000 psl 

3/8 

.213 

9000 

42000 

95000 psl 

1/2 

.330 

17000 

51000 

99000 psl 


Avg. 44000 
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TABLE V 


Maximum Allowable Bearing Stress 
of 

NAS 1387 Washers, and MP35N Nuts and Bolts 
Tested by Loading MP35N Nuts and Bolts Against NAS 1587 Washers 

Bolt Tensile 


Size 

Nut and Head Bearing 
Area - Square Inches 

Brlnell Load, 
Pounds 

Washer Bearing 
Stress 

Stress at 
Brlnell Load 

1/4 

.124 

5000 

40000 

128000 psl 

5/16 

.186 

7500 

40000 

122000 psl 

3/8 

.294 

12000 

40000 

126000 psl 

1/2 

.500 

20000 

40000 

116000 psl 
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lAOLit. Vj. 


Reconunended Seating Torque 
to Induce 90,000 psi Tensile 
Stress* in the Bolt Threads 
of EWB 0420 A286 Bolts and 61170 Nuts 


EWB 0420 A286 
Bolt Size 

Bolts, and 61170C (Cadmium Plated) 
Induced Load, 

pounds Torque - in. -lbs. 

A286 Nuts 

Coeff. F.** 

1/4-28 

3500 


130 

.15 

5/16-24 

5500 


400 

.23 

3/8-24 

8500 


530 

.17 

1/2-20 

15400 


1650 

.21 

5/8-18 

24500 


2680 

.18 

EWB 0420 A286 

Bolts, and 

61170C 

(Cadmium Plated) 

A286 Nuts, and 

Alcohol 





1/4-28 

3500 


112 

.13 

5/16-24 

5500 


280 

.16 

3/8-24 

8500 


380 

.12 

1/2-20 

15400 


1200 

.16 

5/8-18 

24500 


1700 

.11 

EWB 0420 A286 

Bolts, and 

61170M 

(620C dry film) 

A286 Nuts 

1/4-28 

3500 


135 

.15 

5/16-24 

5500 


280 

.16 

3/8-24 

8500 


480 

.15 

1/2-20 

15400 


1220 

.16 

5/8-18 

24500 


2300 

.15 


* 

A* 


Stress calculated using NAS 1348 Tensile Stress areas 
Coefficient of friction calculated using the formula T 
dla.) (Load) (F). 


(Nominal 
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TABLE VII 


Recommended Torque to 
Induce 90,000 FSI Tensile 
Stress* in the Bolt Threads 
of MDlll-4020 MP35N Bolts, 
and EWNM 26 Nuts 


1. MD111-A020 MP35N Bolts, and EWNM 26 Cadmium Plated Nuts 


Bolt Size 

Induced Load, 
pounds 

Torque - in. -lbs. Coeff F.** 

1/4-28 

3500 

160 

.18 

5/16-24 

5500 

500 

.29 

3/8-24 

8500 

800 

.25 

1/2-20 

15400 

1750 

.23 

5/8-18 

24500 

2500 

.16 

MDlll-4020 MP35N Bolts, and 

EWNM 26 nuts with 

620c dry film lubricant 

1/4-28 

3500 

134 

.15 

5/16-24 

5500 

250 

.15 

3/8-24 

8500 

500 

.16 

1/2-20 

15400 

900 

.12 

5/8-18 

24500 

2600 

.17 


* Stress calculated using NAS 1368 Tensile stress areas 

** Coefficient of friction calculated using the formula T ■(Nominal 
dla.) (Load) (F). 
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APPENDIX 


Contains - • 

1. Tables of Nut Seating Torques for the five 
combinations of fastener material and 
lubrication 

2. Test Part Drawings 
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Nut Seating Torque 
for 

EWB 0420 A-'286 Bolts and 61170C Cadmium Plated A-286 Nuts 

with 

NAS 1587 Plain and Countersunk Washers on 7075-T6 Joint Material 

Preload Stress 


Bolt 

110,000 

90,000 

70,000 50,000 

30,000 1C 

1,000 

Size 

J)Sl 

psl 

psl 

psl 

psl 

psl 

1/4-28 

17.9 N/n 

14.6 N/m 

11.4 N/m 

8.1 N/m 

4.8 N/m 

1.6 


(159) In-lb. (130) In-lb(lOl) In-: 

Lb.(72)in- 

lb. (43)in-lb. 

(14) 

5/16-24 

53.8 

44.0 

34.2 

24.5 

14.6 

4,8 


(477) 

(400) 

(303) 

(217) 

(130) 

(43) 

3/8-24 

71.4 

50.1 

49.1 

35.6 

21.4 

7.1 


(632) 

(530) 

(435) 

(315) 

(190) 

(63) 

1/2-20 

219.2 

186.4 

151.4 

116.4 

62.1 

20.7 


(1940) 

(1650) 

(1340) 

(1030) 

(550) 

(183) 

5/8-18 

370.0 

302.7 

235.5 

168.3 

100.5 

33.9 


(3275) 

(2680) 

(2085) 

(1490) 

(890) 

(300) 

Notes: 

1. NAS8 - 

32525 data 

base 





2. Torque 

In Newton-i 

metres 





3. Torque 

in inch*pounds (XX) 





4. Preload stress based on NAS 

1348 tensile stress areas 


5. For preload stress variation see SPS Laboratory Report 
No. 5920 (NAS8 - 32525) 
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Nut Seating Torque 
for 

EWB 0420 A-286 Bolts and 61170C Cadmium Plated A-286 Nuts with Cetyl Alcohol 

with 

HAS 1587 Plain and Countersunk Hashers on 7075-T6 Joint Material 


110,000 90,000 
psi psi 


Preload Stress 

70,000 50,000 30,000 10,000 

psi ps i psi psi 


1/4-28 15.5 N/m 12.6 N/m 10.0 N/m 7.0 N/m 4.1 N/m 1.4 N/m 

(137)in-lb(112)in-lb. (87)in-lb. (62)in-lb. (37)in-lb. (12)in-lb. 


5/16-24 

38.6 

(342) 

31.6 

(280) 

25.4 

(225) 

18.8 

(166) 

11.3 

(100) 

3.7 

(32) 

3/8-24 

52.4 

(464) 

42.9 

(380) 

33.3 

(295) 

23.8 

(211) 

14.3 

(127) 

4.7 

(42) 

1/2-20 

165.7 

(1467) 

135.5 

(1200) 

105.6 

(935) 

75.3 

(667) 

45.2 

(400) 

15.0 

(133) 

5/8-18 

235.0 

(2080) 

192.0 

(1700) 

149.1 

(1320) 

106.7 

(945) 

64.0 

(567) 

21 5 
(190) 


Notes: 


NAS8 - 32525 data base 
Torque in Newton-metres 
Torque in inch-pounds (XX) 

Preload stress based on NAS 1348 tensile stress areas 
For preload stress variation see SPS Laboratory Report 
No. 5920 (NAS8 - 32525) 
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Nut Seating Torque 
for 

EWB-0420 A-286 Bolts and 61170C (620C Dry Fila Coated) A-286 Nuts 

with 

NAS 1587 Plain and Countersunk Washers on 7075-T6 Joint Material 


Preload Stress 

Bolt 110,000 90,000 70,000 50,000 30,000 10,000 

Size psi psi psi psl psi psi 

1/4-28 18.6 N/m 15.2 N/m 11.9 N/m 8.5 N/m 5.1 N/m 1.7 N/m 

(165)in-lb. (135)in-lb(105)in-lb. (75)in-lb. (45)in-lb. U5)in-lb. 

5/16-24 38,6 31.6 24.6 17.6 10.5 3.5 

(342) (280) (218) (156) (93) (31) 

3/8-24 66.3 54.2 42.1 30.2 18.1 6.0 

(587) (480) (373) (267) (160) (53) 

1/2-20 155.3 137.8 118.6 89.2 53.5 17.8 

(1375) (1220) (1050) (790) (474) (158) 

5/8-18 317.6 259.8 202.1 144.4 86.6 28.9 

(2811) (2300) (1789) (1278) (767) (256) 


NAS8 - 32525 data base 

Torque in Newton-netres j 

Torque in inch-pounds (XX) | 

Preload stress based on NAS 1348 Tensile stress areas | 

For preload stress variation see SPS Laboratory Report | 

No. 5920 (NAS8 - 32525) j 

I 



45 




Report No. 5920 - Revised ^f27/lB 


Nut Seating Torque 
for 

MDlll-4020 MP35N Bolts and EWNM-26 Cadmium Plated Nuts 

with 

NAS 1587 Plain and Countersunk washers on 7075-T6 Joint Material 

Preload Stress 

Bolt 110,000 90,000 70,000 50,000 30,000 10,000 

Size psi psi psi psi psi p si 

1/4-28 22.lN/m 18.0N/m 14.0l,/m 10.2N/m 6.0N/m 2.0 N/m 

(196) in-lb . (160) in-lb(124) in-lb. (90) in-lb. (53) in-lb . U8) in-lb . 


•V16-24 

69.0 

(611) 

56.5 

(500) 

44.0 

(390) 

31.4 

(278) 

18.8 

(167) 

6.2 

(55) 

3/8-24 

110.5 

(978) 

90.4 

(800) 

70.3 

(622) 

50.2 

(444) 

30.2 

(267) 

10.2 

(90) 

1/7-20 

241.8 

(2140) 

197.7 

(1750) 

153.6 

(1360) 

109.8 

(972) 

65.9 

(583) 

21.9 

(194) 

5/8-18 

345.1 

(3055) 

282.4 

(2500) 

219.6 

U944) 

157.0 

(1390) 

94.1 

(833) 

31.4 

(278) 


Notes; 


NASS - 32525 data base 
Torque in Newton-metres 
Torque in inch-pounds (XX) 

Preload stress based on NAS 1348 Tensile stress areas 
For preload stress variation see SPS Laboratory Report 
No. 5920 (NASS - 32525) 



Report No. 5920 - Revised 4/27/78 


Nut Seating Torque 
for 

MDlll-4020 MP3SN Bolts and EWNM-26 Nuts 62CC Dry Film Coated 

with 

NAS 1587 Plain and Countersunk Washers on 7075-T6 Joint Material 


Preload Stress 

Bolt 110,000 90,000 70,000 50,000 30,000 10,000 

Size psi psi psi psi psi psi 

1/4-28 18.5 N/m 15.1 N/m 11.7 N/m 8.4 N/m 5.1 N/m 1.7 N/m 

(164)in-lb(134)in-lb(104)in-lb. (74)in-lb. (45)in-lb. (15)in-lb. 



5/16-24 

34.5 

(305) 

28.2 

(250) 

21.9 

(194) 

15.7 

(139) 

9.4 

(83) 

3.2 

(28) 

< 

\ 

1 

i 

3/8-24 

64.9 

(575) 

56.5 

(500) 

43.9 

(389) 

31.4 

(278) 

18.9 

(167) 

6.3 

(56) 

! 

1 

i 

i 

1/2-20 

118.6 

(1050) 

101.7 

(900) 

79.0 

(700) 

56.5 

(500) 

33.9 

(300) 

11.3 

(100) 

1 

t 

5/8-18 

344.6 

(3050) 

293.7 

(2600) 

242.9 

(2150) 

173.4 

(1535) 

103.9 

(920) 

34.7 

(307) 

.! 

I 

Notes: 

1. NASS 

- 32525 

data base 





2. Torque in Newton-metres 

3. Torque in inch-pounds (XX) 

4. Preload stress based on NAS 1348 Tensile stress arees 

5. For preload stress variations see SPS Laboratory Report 
No. 5920 (NAS8 - 32525) 
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i. riNlb'^; CAtviUM PLATE PlM CC-P-4:,. type I. CLADS 1. cn TYPE 11 ^ CUkSS3, OR P^I.N, HVCN SPECIPIZO. 

4. COKCEKTP.CrVi OIPXKSlOSi A' AS3 V^IThIN *>I*T.LP. 

»OOV ASO PITO DlAMITCP V/JTMIN *<'T.I.P. 

5, PART KWIMSEP; flPST OASm Nuv< EP DZSIGKATES OlA^TTCR IS sirrcEimts. 

f ECONO OASH KUMACP OESIGKATCSCRtP IN &UtTEEKTV!S. 

AOO X* TO riPST wAS-4 KL'K^EIP TO OCtl^sATC O*0&S0PILLC0 NCAO. 

ADO -C«TO SECOND OASh KU»*EEP PQR CADMIUM PL>TE PCP 00-P-4:C. TYPE I. CLASS 1. 

AOO TO BASIC papt kumbep POP CAOvrjM Plate pes co-p-4it, type ti. class s. 
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TYPE K CLASS J. 
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0) THRii>0S - BEFORE LUORICATlON PER M:U“S-8879 

(2) bearing squareness > BEARING SUR^^^CE TO BE SQUARE WITH PITCH DIAMETER WITHIN X T.I.H. WHEN CHECKED 
AT A POINT MIDWAY BETWEEN THE O. O. AND 1.0. OF THE DEAmNG SURFACE. 

0) ti RING FLATNESS - BEARING SURFACE TO BE FLAT TO COttCAVE WITHIN Y T.I.R. WHEN CHECKED IN ACOOROAKCC 
WITH SPS-C-lOt J 


MATERIAL - MP 3JN PER AMS 5758 

PLATING • SILVER PLATE PER AMS24I0 , THICKNESS .0002-. 0006 OR CADMIUM PLATE PER QO-P-4li, TYPE II CLASS2 G) 
lUBRlCANT - MOLYBDENUM OlSULFlOE DRY FILM LUBRICANT OH SILVER PLATE ONLY @ ^ 

FLUOreSECENT penetrant INSPECT PER SPS-l-700, LEVEL II 
LOCKING TORQUE PER SPECIFICATION SPS-E-013 
BREAK SHARP CORNERS 

dimensions in inches unless specified OTHCRWISE. dimensions to be MET PRIOR TO LUBRICATION 
P£RFORMA^*CE • SEC PROCUREMENT SPECIFICATION 

DESIGN AND U>AGC LIMITATIONS - THESE NUTS ARC DESIGNED TO DEVELOP THE TENSILE STRENGTH OF BOLTS AND SCREWS WITH AN 
ultimate tensile STRENGTH OF 260 KSI BASED ON A CROSS SECTONAL AREA AT THE BASIC PITCH DUMCTCR. THESE NUTS ARf 
DCSIGnCOTOBCUSCOWITHCOMPANIONBOLT produced to DWG. SPS<-a-70H9 
PART NUMBER - 


D; 
ICO 


I 

O 

CJl 

toj 


■ gWNMM & - ill ■ . nut, cadmium PLATCO (S) 

I T — cash NUMICR FROM TADULATION^ESIGNATINGNOM.TMlieAD size AND l>rrCH. 

I * "CtlESIGNATeS TVPCII CADMIUM FLATINC. NO LETTCR DCSKNATCS SlUVCR FIATIN6 WITH DRV FILM LUBRICANT. 

——— BASIC FART NUMBER. . 


this standard takes FRECEOCNCC over DOCUMENTS REFERENCED HEREIN. REFERENCED DOCUSCNTS SHALL BE OF THE ISSUE IN 
CFFCCT ON DATE OF INVITATION FOR RID. FART NUMERS OTHER THAN LISTED ON THIS DRAWINO SHALL NOT BE USED. 


tO«wE>*ANCC6 f .010 


AND 


• indicates LATEST CHANCE 
UNLlUOTMEAWtSE NOTED 


standard 


ftTANO*»0$ AND V»EClf (CATIONS 

. BPS-C*61) 

FED. IDENT. coot NO. SlOf B- 


[ titlbI 


.rrt V 1 


NUT« PLEXLOC, DOUBLE HEXAGON. BCLF-LOOCINB 
MPJIN. EOOPF.IIOKBI . 

>E0B UBC MTHMOR^B-^niJCTWHALTMIt^ () 


DRAFNBV T.McC. 

Z-Z*.Jt_ 

APPROVED J.>C>r4i.f 

DATE 

#ART NUMBER 
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